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Avian bornaviral ganglioneuritis, often referred to as parrot wasting disease, is associated with a newly discovered avian virus from
the taxonomic family Bornaviridae. Research regarding the pathogenesis and treatment for this disease is ongoing, with im-
plications for understanding other emerging human and nonhuman diseases, as well as the health and ecology of wildlife. At this
time, numerous questions remain unanswered regarding the transmission of the disease, best practices for diagnostic sampling
and testing, and whether currently used drug therapies are eﬀective or harmful for aﬄicted birds. +e pathogenesis of the disease
also remains unclear with many birds showing resistance to the eﬀects of the virus and being able to remain clinically unaﬀected
for years, while other birds succumb to its eﬀects. New research ﬁndings regarding avian bornaviral ganglioneuritis are discussed
and important as yet unanswered questions are identiﬁed.
1. Introduction
Recently, there have been major advances in our understanding
of avian bornaviral ganglioneuritis (ABG), sometimes called
parrot wasting disease, including research about its causes,
transmission, diagnostic testing, and treatmentwith implications
for human medicine and the veterinary care of other animal
species. It was previously referred to as proventricular dilatation
disease (PDD) because symptoms can involve gastrointestinal
crisis; the disease is now understood to have more extensive
nervous system involvement, so it is more often referred to as
avian bornaviral ganglioneuritis (ABG). +ere is also new evi-
dence of a similar condition referred to as avian ganglioneuritis
(AG), depending on whether the animal tests positive for the
bornaviruses. Advances in our knowledge about the treatment
and prevention of viral diseases such as the avian bornaviruses
have important implications for veterinary practices, as well as
the global ecology and the potential spread of zoonotic diseases.
2. Symptoms of the Disease
Clinical symptoms vary in both severity and type across
individual birds, but they appear to be neurological in origin
with clinical signs related to their eﬀects on the digestive
system and the nervous system. Gastrointestinal (GI) signs
may involve excessive regurgitation, poor appetite, crop
impaction, weight loss, and passage of undigested food in the
feces. +ese symptoms may be related to pathology of the
vagus nerve that controls the upper part of the digestive
tract, including the crop, proventriculus, and ventriculus,
resulting in reduced gastrointestinal motility [1]. Some re-
searchers have also suggested that the interstitial cells of
Cajal that control muscular movements in the digestive
system are likely to be involved as the target of avian bor-
naviruses [2]. Regardless, with progression of the disease and
high susceptibility, there can be paralysis of the intestines
with food becoming stuck in the bird’s proventriculus, a rod-
shaped organ in the bird’s digestive system located between
the crop and the gizzard. With dysfunction of the vagus
nerve or other digestive processes, this portion of the in-
testines can swell with blocked food and then rupture,
resulting in a bird’s painful death. +erefore, bornavirus
infection should be suspected if there are weight loss, un-
digested food in the bird’s droppings, vomiting, abdominal
extension, and moaning with physical discomfort [3].
Bornaviruses can spread through other parts of a bird’s
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nervous system and cause shaking of the head, abnormal and
uncoordinated movements, diﬃculty balancing, tremors,
paralysis, self-mutilation, aggression, and seizures. +ere
may also be heart arrhythmias, blindness, and cognitive
deﬁcits, depending on the various locations of neurological
damage [1, 4]. A survey of 32 bornavirus-positive birds from
Brazilian clinics and breeding facilities, including several
conﬁscated from illegal trade, revealed that 66% of aﬄicted
birds showed CNS symptoms, while 22% had GI signs, and
9% of the birds died [5]. Some new evidence also suggests
that feather-plucking is associated with this disease. In a
study of 126 birds in a private veterinary practice in Ger-
many, antibody titers and viral shedding were highest for
birds with neurological signs of the disease, second highest
for feather-plucking birds with no other neurological signs,
and lowest for a control group without neurological signs or
feather-plucking [6].
3. What Are the Bornaviruses?
It is commonly accepted today that parrot wasting disease or
avian bornaviral ganglioneuritis can be caused by avian
bornavirus infection. In 2008, parrot wasting disease was
shown to be associated with a newly discovered virus, i.e., the
avian bornaviruses which shared only 70% of their nucle-
otide sequence with the previously identiﬁed mammalian
bornaviruses [7, 8]. Bornaviruses, members of the taxo-
nomic family Bornaviridae, were named after the town
called Borna in eastern Germany which had historically high
occurrences of neurological disease outbreaks in horses and
sheep. An epidemic among cavalry horses occurred between
1894 and 1896 with symptoms such as head-tilting, paralysis,
aggression, and diﬃculties with chewing and swallowing.
Research has shown that the virus occurs at a higher than
normal frequency in both horses and sheep in this region,
although bornaviruses occur in many other species of birds
and mammals and in many other parts of the world, al-
though it is diﬃcult to assess the prevalence of the virus
across species/geographic regions because blood testing
procedures are not standardized, i.e., sample collections of
serum vs. whole blood, testing for the presence of the virus
itself or antibodies to the virus [9]. Bornaviruses consist of
enveloped nonsegmented viruses with negative-stranded
RNA genomes of approximately 8,900 bases (NNN). Rep-
lication and transcription of these viruses take place in the
nuclei of cells, speciﬁcally nerve cells. As RNA viruses, they
lack the enzymatic corrective mechanisms in replication that
characterize DNA viruses. Without corrective mechanisms,
RNA viruses are more likely to have changes in their genetic
makeup so that the production of eﬀective vaccines may
become more diﬃcult [10]. +e impact of bornavirus in-
fection appears to depend on the body’s immunological
responses because the presence of CD3+ host T cells in the
brain has been shown to be strongly associated with the
onset of neurological symptoms [11]. Furthermore, research
has shown that the amount of virus detected in tissues after
death is not associated with severity of clinical symptoms,
supporting the conclusion that the body’s immune response
is a causal factor in the disease, although the speciﬁc
pathogenic mechanisms are currently under debate by re-
searchers [1, 2].
4. Transmission of Avian Bornaviruses
+e transmission of bornaviruses from one bird to another is
not fully understood. It makes sense to expect the disease to
be transmitted horizontally through direct contact or
through ingestion of an infected bird’s urofecal matter.
Research has demonstrated that aviaries with infected birds
may have positive air tests for bornaviruses, presumably as a
result of feather dust; therefore, it has been suggested that the
virus can become aerosolized when infected birds defecate or
regurgitate and then spread as these substances become dry
[3]. On the contrary, investigations of transmission of
bornaviruses in laboratory settings have resulted in incon-
sistent contagion results for noninfected birds housed in the
same aviaries as infected birds [12]. Some researchers believe
that horizontal transmission requires a long-term and close
contact between birds [13]. Furthermore, unlike research
with the mammalian bornaviruses [14], attempts to inoc-
ulate uninfected birds with bornaviruses via mucosal sur-
faces (nasally and orally) have thus far had inconsistent
results [15]. Instead, successful experimental inoculations of
birds have included intramuscular injection [16], as well as
intracerebral and intravenous injections of the virus [17]. It
remains unclear why there would be such a major diﬀerence
between birds and mammals in the eﬀectiveness of exposure
to the virus through nasal and ocular entry sites [18] or why
these routes would be eﬀective while the virus is believed to
be spread through axonal transport processes [16]. +ere is
remarkably little speculation about this in the published
literature. Perhaps, it is related to local anatomical or
physiological diﬀerences between these classes of animals,
discussed for chickens vs. mammals [19], or the stability and
viability of the avian bornaviruses in the biological systems
of birds [20]. On the contrary, it may involve diﬀerences in
innate immune system responses, for example, the lack of an
anti-inﬂammatory protein identiﬁed in chickens [21]. Re-
gardless, these are important questions regarding the
transmission of avian bornaviruses and the immune systems
of birds that remain unanswered.
Given the eﬀectiveness of intramuscular and intravenous
injections for bornavirus infection, it may also be speculated
that cutaneous wounds provide opportunities for infection.
Recent reports of three human deaths due to encephalitis
following bites or scratches by variegated squirrels positive
for the mammalian bornaviruses would seem to support this
possibility [22]. Researchers have also examined vertical
transmission of bornaviruses by testing the contents of eggs
laid by infected birds. While the results were positive, this
research has not yet included systematic procedures to allow
the eggs to hatch in order to determine the eﬀects of bor-
naviruses on parrot hatchlings [23]. Exposure to avian
bornaviruses in unweaned chicks tends to result in a rapidly
high mortality rate compared to older birds, perhaps due to
an undeveloped immune response. To date, one research
study has examined vertical transmission of bornaviruses
from parents to hatched oﬀspring in free-ranging birds (i.e.,
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Canada geese) showing negative results [23]. In sum, al-
though bornaviruses have been observed to have high
contagion in some aviaries, laboratory testing of the spread
of the virus still has not identiﬁed a speciﬁc reliable route of
infection, although some researchers now suggest that
vertical transmission is likely to be shown to be the primary
cause of avian bornavirus transmission [3], despite yet
unanswered questions regarding mortality rates in infected
hatchlings and the current lack of information about the
timing of viral transmission during egg development.
5. Diversity in Subtypes of Avian Bornaviruses
In the 1970s, when scientists became aware of the occurrence
of parrot wasting disease, there were few, if any, regulations
regarding the capture of parrots in their native habitats for
the pet market in the US.+ese animals were often housed in
large quarantine warehouses that lacked protocols to prevent
the spread of diseases. Many birds suﬀered and died as a
result of these conditions. Without a doubt, there was
enormous stress for these animals associated with being
removed from their families and homes, only to be housed in
cages, often in unhygienic conditions with uncontrolled
mixing of diﬀerent bird species. Interestingly, genetic
analysis does not support the view that parrot bornaviruses
were transferred from waterfowl during this time [24]. Yet,
these stressors likely enhanced vulnerability to the disease
and contributed to the high mortality rates for these birds,
perhaps impacting the subtypes of bornaviruses identiﬁed in
captive parrot populations today. At the last count, re-
searchers mapping the genomes for bornaviruses in birds
have identiﬁed a total of ﬁfteen genotypes of bornaviruses,
12 classiﬁed and 3 unclassiﬁed within the genus Ortho-
bornavirus [25], which can occur in avian species, including
eight found in parrot populations worldwide [15] that share
91 to 100% of their nucleotide sequences within genotypes
and 68 to 85% between genotypes [26]. It has been specu-
lated that the diversity of bornavirus genotypes in captive
parrots compared to free-living waterfowl is the result of the
spread of bornaviruses across species during the unregulated
housing and transport associated with wild captures decades
ago [6]. Genotypes for bornaviruses in parrots do not appear
to be clearly linked to geographical regions unlike bornaviral
genotypes identiﬁed in waterfowl [15]. +e genotypes
identiﬁed as most virulent for parrots are subtype numbers 2
and 4 (referred to as PABV-2 and PABV-4), and these are
the usual targets of bornavirus testing for veterinary pur-
poses today [15]. Note that if bornavirus tests are negative
and veterinarians still suspect the disease, then it may be
necessary to expand testing to other subtypes of the virus [3].
Some research ﬁndings with cockatiels revealed diﬀerences
in the eﬀects of these two strains of the virus with PABV-4
associated with more neurological signs, while PABV-2
mainly aﬀected the gastrointestinal tract with more severe
disease progression, although other factors may play a role,
including individual immune responses and how well a virus
is adapted to a particular host species [5]. Simultaneous
presence of both genotypes appears to be associated with
more severe clinical signs with infection with one subtype
failing to provide protection against the other [13]. On the
contrary, tracking the spread of PABV-2 in individual
cockatiels following intramuscular injections revealed the
presence of the virus at the inoculation site and adjacent
nerves, then in the spinal cord, and ﬁnally in the brain. With
CNS infection, the virus also spread to the gastrointestinal
system, adrenal gland, heart, and kidneys over 114 days of
experimentation [16]. Clearly, additional larger scale studies
with multiple species are required to further investigate the
relationships between bornavirus subtypes, clinical symp-
toms, and histopathology in captive parrots. It is also well
known that many birds who test positive for bornaviruses,
including PABV-2 and PABV-4, do not show symptoms. In
fact, recent estimates indicate that 10% to 45% of captive
birds are infected, and at least one in three healthy captive
parrots is likely to test positive for bornaviruses. Further-
more, some free-ranging Brazilian parrots in their natural
habitats have been shown to be positive for bornaviruses
[27]. However, others pointed out that these birds had been
housed in rehabilitation centers for weeks, allowing for
infection during this time period [15]. Clearly, more ﬁeld
studies are needed with long-term tracking of infected birds
combined with genetic studies of viral subtypes.
6. Is It an Immune or Autoimmune Response?
Another important debate about avian ganglioneuritis in-
volves the pathogenic mechanisms for this disease. It is
generally believed that avian bornaviruses aﬀect the body’s
immunological response because CD8+ host T cells in the
brain are strongly associated with the onset of neurological
symptoms and the amount of virus detected in tissues after
death is not associated with severity of clinical symptoms [1].
Speciﬁcally, CD8+ Tcells cause direct damage to the ganglia
and neurons, combined with CD4 T-cell recruitment of
macrophages, ultimately resulting in antibody-mediated
phagocytosis of axons [1]. Less direct mechanisms including
loss of protective myelin, dysfunction of mitochondria, and
release of nitric oxide or glutamate may contribute to axonal
damage [1]. Both innate and adaptive immune responses
appear to be involved because complement components C1
and C3 tend to be present inside avian bornaviral lesions,
suggesting that both the classic and alternative complement
cascade pathways are activated, respectively [1]. However,
the alternative or innate pathway can be triggered as a
function of foreign substances and damaged tissues, thereby
amplifying the activation cascade. Some researchers have
suggested that an autoimmune response may be involved as
host antibodies attack gangliosides located in neural cell
membranes. In 1942, Ernst Klenk ﬁrst used the term
“ganglioside” to describe lipids isolated from ganglion cells
in the brain. Today, we know that gangliosides are primarily
located in the nervous system and that they are microscopic
structures that protrude through the surface of the cell to act
as surface markers for cellular recognition and cell-to-cell
communication [28]. Rossi and his colleagues suggested that
an autoimmune mechanism may occur with inﬂammation
of the nerve ganglia causing exposure of normally protected
proteins (i.e., gangliosides) to the host immune system in a
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fashion comparable to Guillain–Barre´ syndrome in humans
[1]. Recently, researchers in the Netherlands published a
paper outlining the role of these cell structures as modu-
lators of immune functioning [29]. However, de Araujo et al.
argued that Guillain–Barre´ syndrome is associated with
peripheral neuropathy and limb weakness which are not
primary features of proventricular dilatation disease [30].
+ey suggested that ambulatory dysfunction in aﬄicted
birds, if it occurs, is more likely due to CNS lesions. +ey
further pointed out that macrophages play an essential role
in the development of nerve lesions in Guillain–Barre´
syndrome, speciﬁcally causing demyelination which is not
characteristic of proventricular dilatation disease in parrots.
In order to test for autoimmunity as a causal factor for the
disease, these researchers inoculated healthy chickens and
Quaker parrots with brain gangliosides or crude nervous
system extracts via the pectoral muscles and reported that it
did not result in clinical signs of the disease after 114 days
[30]. However, in a criticism of this work, Rossi et al. in-
dicated that some of these birds did exhibit some patho-
logical signs of the disease, but they were discounted by the
researchers as naturally occurring lesions in the gastroin-
testinal tract or CNS of avian species which occur with
inoculations of foreign substances [1]. Rossi and his col-
leagues further pointed out that one chicken was reported to
develop a mild diﬃculty walking and two of ﬁve parrots
showed mild depression, while a third parrot evidenced
weight loss, and one parrot was observed to have depressive
symptoms [1]. Notably, the parrot with weight loss had the
highest titers for antiganglioside antibodies tested with
ELISA [1]. In contrast, Rossi and his colleagues described
their experiments in which young cockatiels were inoculated
with gangliosides extracted from the CNS of uninfected
parrots and reported that it resulted in clinical signs of the
disease and typical histological lesions, as well as high
ganglioside antibody titers [1]. +is suggests that the disease
can be manifested in the absence of bornaviruses when there
is comparable damage to the nervous system. As these re-
searchers indicated, it is not yet clear how antiganglioside
antibodies contribute to the progression of disease, but
investigations of autoimmune involvement may allow for a
clearer understanding of the complex pathogenesis of this
disease, and one might speculate that it could help explain
the high levels of individual variability among parrots in
susceptibility to the disease [1]. Other researchers have
concluded that some individual parrots may exhibit tran-
sient autoimmune responses to the disease, stating that they
are not a common response [31].
7. Diagnostic Testing for Avian Bornaviruses
Deﬁnitive diagnoses of the disease in living birds involve
examination of histological lesions during biopsies or the use
of radiology/ultrasonography to reveal the appearance of
structures in the gastrointestinal tract [13]. Yet, bird owners
tend to be concerned about the stress for their pets during
such procedures, particularly if sedation is required. Fur-
thermore, according to some researchers, only about 76% of
birds with this disease have crop lesions and false-negative
crop biopsy results tend to occur about 24% of the time [32].
Other researchers have reported a high level of variability
between aﬄicted birds regarding locations of lesions in the
gastrointestinal tract [33]. +us, less invasive diagnostic
testing tends to be preferred by both veterinarians and parrot
owners, although low reliability and lack of standardization
of laboratory tests remain an issue today [1].
7.1. Sample Collection. Diagnostic testing may involve
swabbing the cloaca or collecting a bird’s droppings, but
these tests have limited usefulness due to variability among
birds in how often the virus is shed through these routes.
Some infected birds may consistently shed the bornaviruses,
while others do so intermittently [4]. In fact, a single neg-
ative test in this context is typically not considered mean-
ingful, so veterinarians and testing laboratories may
recommend that samples be collected in a single container
three times at weekly intervals [34]. Other testing labora-
tories may require other sample types such as the submission
of whole blood and a cloacal swab to test for bornaviruses
[35]. In their discussion of avian bornavirus diagnostics,
Rossi et al. recommended that whole blood be sampled, in
addition to choanal/cloacal swabs, but not fecal samples.
Another potential diagnostic sampling technique involves
testing the calami of plucked contour feathers [36]. +e
calamus of a feather is the tube at the base of a feather below
the colored barbs. A contour feather is one that is located on
the body of a bird, rather than the wings or tail. +is type of
sampling may be more sensitive because it is less likely to be
aﬀected by contaminants or by substances in blood and
urofecal matter that can inhibit the test results. Furthermore,
evidence suggests that feathers stored in baggies at room
temperature for four weeks can remain useful for diagnostic
testing. On the contrary, critics have pointed out that testing
with feathers may lead to false positives due to contami-
nation from other birds sharing the environment.+erefore,
testing of plucked feathers may be more useful for detecting
the presence of avian bornaviruses in aviaries or group-
housed parrots rather than for individual birds [37].
However, plucking feathers is painful for birds, particularly
when test laboratories require multiple feathers to be
plucked (e.g., 4 to 8 feathers) [38]. In contrast, blood testing
is a well-accepted veterinary procedure with parrots that
theoretically at least allows for detection of the virus, de-
tection of avian bornavirus antibodies, or genetic testing for
subtypes of the avian bornaviruses. To conclude, veteri-
narians need to examine the sampling protocols of speciﬁc
diagnostic laboratories which often vary in whether whole
blood, serum, or plasma samples should be collected to
conduct blood tests for avian bornaviruses. Hopefully,
further research will reveal an optimum sampling protocol
that can then be standardized across laboratories.
7.2. Diagnostic Assessments. +e current recommended
procedure for avian bornavirus testing is the reverse tran-
scription polymerase chain reaction (RT-PCR) test, pref-
erably in real time to monitor the progress of the PCR [1].
+is is a two-step process involving reverse transcription to
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synthesize the genetic material and a polymerase chain
reaction to amplify speciﬁc genetic targets [1, 37]. However,
these tests typically only test for one or two speciﬁc subtypes
of the virus, and there may, in fact, be other subtypes that
remain to be discovered. At this time, there is no reliable
ELISA (enzyme-linked immunosorbent assay) commercially
available for detecting avian bornavirus antigens or anti-
bodies from blood samples [39]. Researchers have pointed
out that not all birds react strongly to the avian bornavirus
antigen and therefore ELISA tests tend to lack speciﬁcity
[37], and others have recommended a combination of RT-
PCR and the western blot test to identify infected parrots
[33], although the indirect ﬂuorescent antibody (IFA) test
tends to be used in Europe more often than the western blot
test [1]. Both antibody tests, i.e., the western blot and the IFA
test, are considered sensitive and speciﬁc, but they do not
distinguish between diseased birds and healthy carrier birds
[1]. Furthermore, there are discrepancies between viral
shedding, the presence of antibodies, and clinical signs of the
disease, with university and commercial laboratories ranging
from 3 to 33% in positive avian bornavirus test results [1].
Instead, according to Rossi and his colleagues, serologic
testing for antiganglioside antibodies may ultimately provide
more accurate testing, given their reports that 98% of
clinically symptomatic and histologically positive birds had
elevated antiganglioside antibody levels in 650 avian serum
samples [1]. It is possible that testing for antiganglioside
antibodies may prove more reliable than directly testing for
the virus or antibodies to the virus. Clearly, research in this
context is ongoing and necessary.
8. Care and Treatment of Afflicted Parrots
Strong evidence suggests that birds with bornavirus in-
fections can remain clinically healthy for decades [11],
particularly if supportive care is provided. However, the
identiﬁcation of bornavirus-positive birds should be fol-
lowed by containment, quarantining infected birds, and
then conducting a thorough cleaning of infected aviaries.
Fortunately, the avian bornavirus is not long-lived in the
environment, and its spread can be limited by good hygiene
and ultraviolet light. Research shows that the avian bor-
naviruses can be detected in the air of aviaries with infected
birds. Researchers have described laboratory testing of air
ﬁlters from dry-ﬁlter (DFR 1000) units which were con-
sistently positive for the virus [31]. However, bornaviruses
can be inactivated with chlorine-containing disinfectants
[40], and research suggests that allowing infected cages to
dry thoroughly before reuse is eﬀective for removing avian
bornaviruses. Speciﬁcally, in vitro testing revealed that 8
and 24 hours of drying reduced the amount of infectious
virus by 48 and 86%, respectively [41]. Although they are
believed to be stable at neutral pH and able to withstand
both acidic and alkaline solutions, bornaviruses become
rapidly less infective with heat treatment at 56 degrees
Celsius (or 132.8 degrees Fahrenheit) and are relatively
stable at 37 degrees Celsius (or 98.6 degrees Fahrenheit)
[42]. It is important to emphasize that parrots that test
positive for these viruses should not be euthanized because
they can live for years without clinical symptoms of the
disease. Daily care of birds with clinical symptoms of
bornaviruses consists of providing an easily digestible, high
energy diet, including banana, the mashed inside of po-
tatoes or yams, rice, canned pumpkin, frozen peas, and
scrambled eggs. On the contrary, seeds, nuts, strawberries,
and the skin of fruits such as apples should be avoided
because they are more diﬃcult to digest. For this reason,
some experts [13] also recommend semielemental diets
designed to be highly nutritious and easily digestible for
compromised birds [43]. Others have suggested that it may
be beneﬁcial to supplement the diets of birds in early stages
of the disease with vegetables high in ﬁber because it may
stimulate intestinal motility, while the same foods are
undesirable for birds with more progressive symptoms
because they may remain in the intestines and ferment [44].
While it is not yet clear what triggers the actual develop-
ment of clinical signs in an infected bird, environmental
stressors are likely to play a role and there is no doubt that a
good diet is beneﬁcial, as is some exposure to sunlight and
good hygiene.
8.1. Currently Used Drug )erapies. Current veterinary
treatments for birds that show clinical symptoms include
anti-inﬂammatory drugs such as celecoxib, also known as
Celebrex [45], a nonsteroidal pain-relieving anti-inﬂam-
matory drug, produced in a variety of ﬂavors such as
pumpkin or strawberry which can be attractive to parrots.
Depending on how easily a bird can be handled, medication
can be placed directly inside the bird’s beak or added to its
food or water. An alternative drug used to treat this disease
is meloxicam [46]. Celebrex and meloxicam are both
nonsteroidal anti-inﬂammatory drugs (NSAIDs) that in-
hibit cyclooxygenase (COX) isozymes, categorized as COX-
1 (cyclooxygenase 1, i.e., the innate maintenance form of
enzyme in the immune system that is present in most cells
and tissues important for maintaining the integrity of the
gastrointestinal mucosa, renal blood ﬂow, and platelet
aggregation) and COX-2 (cyclooxygenase 2) which is the
inducible form of enzyme that is responsive to inﬂam-
matory stimuli and injury [47]. All NSAIDs are COX-2
inhibitors with some degree of COX-1 inhibition [48].
Celebrex is thought to be more selective to COX-2 enzymes
than meloxicam and to have less eﬀect on COX-1 processes
[47]. Although Miesle stated that “. . .only one, Celebrex,
has shown continual, long-term relief from gastrointestinal
and Central Nervous System signs,” (p. 22) [7], the use of
these anti-inﬂammatory drugs is still under debate and
published citations of evidence about drug eﬀectiveness are
sometimes inaccurate and confusing [1, 3]. However,
Dahlhausen et al. [49] published a brief description of eight
cases of the disease in Watchbird, the Journal of the
American Federation of Aviculture in which they described
the results of treating aﬄicted parrots with Celebrex. +ey
stated that, at therapeutic doses (10mg/kg orally once
daily), Celebrex does not aﬀect COX-1 processes and that
the drug was well tolerated and safe for the birds. +ey
further stated that drug administration continued for 6 to
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12 weeks until the birds returned to normal body weights,
conditions, and diets. +is occurred even for birds that
were in advanced stages of the disease. If the birds were
removed from the drug therapy and then showed the return
of clinical signs, then they were successfully treated by
restarting the drug. Dahlhausen et al. [49] further indicated
that clinical conditions of these aﬄicted birds tended to
improve within the ﬁrst week of therapy with gradual
resolution of clinical symptoms. No adverse side eﬀects
were reported for these birds either during or following
treatment, and one of these parrots had completed therapy
for 1 1/2 years. On the contrary, other veterinarians have
recommended a daily use of 20mg/kg oral doses for
aﬄicted birds, although the dosage may be doubled for
birds that are diﬃcult to handle requiring the medicine to
be added to their food [44]. +ese veterinarians also in-
dicated that there were treatment failures as a result of
batches of the drug that were not used quickly because the
stability of Celebrex in water was unknown; therefore, they
recommended that new stocks be prepared weekly and the
drug be stored with refrigeration [44, 50]. Furthermore,
they reported that these treatments resulted in side eﬀects
of gastrointestinal bleeding for some birds and the de-
velopment of hypersensitivity to the drug in a hyacinth
macaw, pointing out that the drug is counterindicated for
birds with renal disease because most NSAIDs are elimi-
nated through renal clearance [44, 50]. However, it remains
unclear what the mortality rates would have been without
drug treatment and what percentage of the birds would
have improved under natural conditions. Deﬁnitively re-
solving these issues would require more systematic in-
vestigations, preferably with matched controls, which are
diﬃcult to conduct in veterinary practices.
On the contrary, the use of these anti-inﬂammatory
drugs to treat aﬄicted parrots has been criticized, with one
researcher suggesting that there is limited, if any, eﬀec-
tiveness of using Celebrex and meloxicam and also
pointing out that there can be serious side eﬀects such as
gastrointestinal irritation and bleeding [47]. In fact,
treatment of the disease with meloxicam in cockatiels was
reported to cause disease symptoms to worsen in cockatiels
[51]. Following systematic investigations of drug eﬀec-
tiveness, Escandon reported that the use of these anti-in-
ﬂammatory drugs (i.e., both Celebrex and meloxicam) did
not alter the progression of the disease, the severity of
clinical symptoms, pathological changes in viral RNA
distribution, or viral shedding in cockatiels after experi-
mental inoculation with the avian bornaviruses [47]. She
therefore concluded that there is “. . .no justiﬁcation for
continuing the practice of administering NSAIDs to birds
with clinical PDD” (proventricular dilatation disease, p. 39)
and stated that “. . .unless proven otherwise NSAID use in
PDD cases should be discontinued immediately” (p. 40)
[47]. However, an examination of some online veterinary
services reveals that both drugs are currently recommended
for treatment of the disease [52, 53]. Other veterinary
websites indicate that long-term, albeit low dosage, drug
treatments are recommended [52]. In contrast, Dahlhausen
et al. recommended that aﬄicted birds be taken oﬀ these
drugs when symptoms abate [49]. +erefore, if anti-in-
ﬂammatory drugs are prescribed, veterinarians and parrot
owners need to make decisions regarding the long-term use
of these drugs or whether to merely administer these drugs
during ﬂare-ups of symptoms.
An additional immunosuppressant drug has recently
been tested for its eﬀectiveness in treating avian bornavirus
disease. According to researchers, the use of cyclosporine, a
drug used in humans to treat autoimmune diseases and to
prevent organ rejection during transplants, resulted in a
reduction of clinical symptoms in cockatiels, albeit with
large amounts of virus remaining in the body [54]. Other
researchers have investigated the eﬀects of ribavirin, a drug
that reduces RNA replication across a broad array of RNA
viruses, and showed that it reduced, but did not eliminate,
viral replication in vitro for both mammalian and avian
cells, especially if combined with type 1 interferon known
to help regulate the immune system [55]. In Japan, re-
searchers have tested the eﬀects of favipiravir (T-705), an
antiviral drug known to be eﬀective against viruses that
cause human hemorrhagic fevers, again in vitro and ob-
served that it reduced both mammalian and avian bor-
naviruses, although at relatively high doses [56]. It remains
to be seen if these in vitro ﬁndings will transfer to in vivo
testing without harm to the test animals. To conclude,
additional systematic research is necessary to clarify op-
timal treatment protocols based on the speciﬁc symptoms
and disease progression in individual birds.
8.2. Dietary Supplements. +ere appears to be less contro-
versy regarding the use of gastrointestinal prokinetic agents
to improve digestive processes and antibacterial and anti-
fungal testing and therapy due to the disease-altered gas-
trointestinal microbiome, probiotics and prebiotics to help
restore the normal intestinal environment, and omega fatty
acids and herbal supplements such as milk thistle to reduce
inﬂammation (see Dahlhausen and Orosz, 2015, for a de-
tailed formulary) [13].
8.3. Vaccination. In an ideal world, treatments for avian
bornavirus disease would help a bird’s immune system
resist the eﬀects of the virus, as well as eliminate the virus
from the body of the bird, and vaccines could be developed
to prevent the onset of symptoms. +e development of
vaccines for avian bornaviruses is currently in its infancy
with a few studies to date showing progress toward this
goal. On the contrary, mammalian bornaviruses have been
extensively studied, and research using laboratory rats has
shown that mammalian bornaviral disease is related to
T-cell activity with immunosuppressive drugs providing
eﬀective treatments, speciﬁcally with surviving rats having
Type 2 immune responses, while the rats that died showed
Type 1 immune responses [54]. +erefore, some re-
searchers have speculated that vaccines for bornaviruses
that are designed to aﬀect the type of immune response may
be more eﬀective than vaccines that directly aﬀect virus
levels [54]. Hameed and colleagues (2018) provided some
support for this approach by vaccinating cockatiels with a
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killed parrot virus plus recombinant PPaBV-4 nucleo-
protein (N) in alum, thereby protecting these birds against
a virulent bornavirus isolate (PPaBV-2), but without re-
duction of viral levels in the organs at necropsy [54]. +ey
speculated that this would limit the commercial use of this
vaccination protocol, although modifying the dose or
immunization schedule could yield more desirable results.
On the contrary, Runge and colleagues (2016) de-
scribed experiments with cockatiels and canaries using live
viral vector vaccines carrying the N and P genes of avian
bornaviruses and a heterologous prime-boost vaccination
regime that yielded positive tests for antibodies reactive to
the virus [57]. However, the progress of the disease was
delayed in these birds, not prevented, following exposure
to a high viral challenge dose of avian bornaviruses [57].
+ey pointed out that, without fuller knowledge regarding
the transmission of avian bornaviruses, it is diﬃcult to
identify the appropriate routes and viral dosages to use
when testing new vaccines [57]. +ese researchers spec-
ulated that naturally occurring infections of the disease
may involve lower challenge dosages. +ey therefore
conducted additional experiments using 10-fold lower
dosages of challenge infections and second booster vac-
cinations which appeared to be successful in protecting
these birds against viral infection with reduced clinical
signs, fewer gross lesions, and only one bird showing
mononuclear inﬁltrations while also lowering viral loads
in these birds [57].
Clearly, while parrot owners around the world eagerly
await a fully eﬀective treatment for this disease, the research
is ongoing. It may be that additional studies exploring
modiﬁcations in existing vaccination protocols will lead to
the successful prevention of the disease, or it may be that
furthering our knowledge about the functioning of micro-
scopic cellular structures such as gangliosides will play a role
in future treatment successes. Perhaps, a deeper under-
standing of genetic coding and disease transmission will
provide this much needed research breakthrough. Some
experts have suggested that birds that are positive to the
virus may have a natural immunity to the disease and
therefore may be the best breeders for the avicultural
community [44]. +is assumes that clinical dormancy for
this disease in parrots has high heritability which is actually
unknown at this time. But, it may be useful to investigate
genetic diﬀerences between healthy carriers and parrots that
succumb to the disease. In humans, some individuals,
particularly northern Europeans, have been discovered to
have a natural immunity to HIV when they are homozygous
carriers of a mutated gene that changes the size and position
of the receptors which prevents HIV from entering their cells
[58]. +erefore, HIV researchers are hopeful that investi-
gations of disease-resistant individuals or populations,
combined with further understanding of genomic coding,
will contribute to the development of new strategies for
developing HIV vaccinations [59]. Likewise, veterinarians
and bird owners remain hopeful that new strategies for
vaccine development will prove successful for treating avian
bornaviral ganglioneuritis and ultimately other emerging
viral diseases in the future.
9. The Importance of Bornavirus
Research across Species
It is common knowledge among bird experts and veteri-
narians that the avian bornaviruses are not harmful to
humans and that they do not grow in mammalian tissue in
laboratories. In fact, researchers studying the evolution of
bornaviruses have suggested that avian bornaviruses di-
verged from their ancestral version about 300 years ago
[24]. +us, one may conclude that this divergence in ge-
netic material involved mutations that produced an avian
bornavirus that is incompatible with human physiology.
On the contrary, mammalian bornaviruses that infect a
variety of species, including horses, sheep, cattle, rhesus
monkeys, and rodents, can be transmitted between ani-
mals and humans. Recently, mammalian bornaviruses
were shown to be associated with encephalitis and deaths
in three people in Germany with variegated squirrels bites
identiﬁed as the source of transmission [22]. Mammalian
bornaviruses have also been under scrutiny for possible
roles in the development of depression, bipolar disorder,
and other psychiatric disorders because the virus appears
to target the limbic system which plays a dominant role in
our emotions. While some research has supported this
view [60], other researchers have been critical, suggesting
that investigations with better control conditions failed to
reveal bornaviruses in psychiatric patients with mood
disorders [9, 61]. Still other researchers have expressed
concern about the possibility of mammalian bornaviruses
being spread through human organ transplants, given the
possibility of their association with psychiatric disorders
and the recent cases of encephalitis transmitted by var-
iegated squirrel bites [62]. Clearly, the bornaviruses re-
main an important focus for researchers worldwide who
are seeking knowledge on and remedies for diseases in
humans and other animals. Importantly, avian bornavi-
ruses are prevalent in various ecological systems around
the world, having been detected in a variety of species of
birds other than parrots, including waterfowl, raptors, and
passerines, therefore aﬀecting numerous swans, geese,
gulls, and wild ducks [2, 11]. Mammalian bornaviruses
have also been found in a variety of other animals in their
natural habitats, including rodents and snakes [63, 64].
Clearly, there are numerous natural reservoirs for the
various types of bornaviruses.
Researchers continue to monitor occurrences of the
various types of bornaviruses in the global natural envi-
ronment, also seeking eﬀective treatments for bornavirus-
transmitted diseases. It seems likely that acquiring a fuller
understanding of the prevalence, transmission, and treat-
ment of emerging or reemerging diseases will be beneﬁcial as
we encounter new ones in the future. +e ongoing research
regarding avian and other bornaviruses has enormous im-
portance for treating our aﬄicted pets, as well as for pro-
tecting humans from zoonotic diseases.
Conflicts of Interest
+e author declares that there are no conﬂicts of interest.
Veterinary Medicine International 7
References
[1] G. Rossi, R. D. Dahlhausen, L. Galosi, and S. E. Orosz, “Avian
ganglioneuritis in clinical practice,” Veterinary Clinics of
North America: Exotic Animal Practice, vol. 21, no. 1,
pp. 33–67, 2018.
[2] I. Tizard, H. L. Shivaprasad, J. Guo, S. Hameed, J. Ball, and
S. Payne, “+e pathogenesis of proventricular dilatation
disease,” Animal Health Research Reviews, vol. 17, no. 2,
pp. 110–126, 2016.
[3] J. Miesle, “Current research and advances in avian borna-
viruses and proventricular dilatation disease (Avian
bornaviral ganglioneuritis) for veterinary professionals,”
July 2019, https://web.archive.org/web/20190716030314/
http://amccorona.com/wp-content/uploads/2016/02/Current-
research-in-ABV-PDD-for-Veterinary-Professionals-complete-.pdf.
[4] M. Lierz, “Avian bornaviruses and proventricular dilation disease,”
inCurrent)erapy inAvianMedicine and Surgery, B. L. Speer, Ed.,
pp. 28–46, Elsevier, Inc., St. Louis, MO, USA, 2016.
[5] N. A. Philadelpho, D. Rubbenstroth, M. B. Guimarães, and
A. J. Piantino Ferreira, “Survey of bornaviruses in pet psit-
tacines in Brazil reveals a novel parrot bornavirus,”Veterinary
Microbiology, vol. 174, no. 3-4, pp. 584–590, 2014.
[6] A. Fluck, D. Enderlein, A. Piepenbring et al., “Correlation of
avian bornaviruses-speciﬁc antibodies and viral ribonucleic
acid shedding with neurological signs and feather-damaging
behaviour in psittacine birds,” Veterinary Record, vol. 184,
p. 476, 2009.
[7] K. S. Honkavuori, H. L. Shivaprasad, B. L. Williams et al.,
“Novel borna virus in psittacine birds with proventricular
dilatation disease,” Emerging Infectious Diseases, vol. 14,
no. 12, pp. 1883–1886, 2008.
[8] A. L. Kistler, A. Gancz, S. Clubb et al., “Recovery of divergent
avian bornaviruses from cases of proventricular dilatation
disease: identiﬁcation of a candidate etiologic agent,” Virology
Journal, vol. 5, no. 1, p. 88, 2008.
[9] K. M. Carbone, “Borna disease virus and human disease,”
Clinical Microbiology Reviews, vol. 14, no. 3, pp. 513–527, 2001.
[10] C. Stobart and M. Moore, “RNA virus reverse genetics and
vaccine design,” Viruses, vol. 6, no. 7, pp. 2531–2550, 2014.
[11] S. L. Payne, P. Delnatte, J. Guo, J. J. Heatley, I. Tizard, and
D. A. Smith, “Birds and bornaviruses,” Animal Health Re-
search Reviews, vol. 13, no. 2, pp. 145–156, 2012.
[12] D. Rubbenstroth, K. Brosinski, M. Rinder et al., “No contact
transmission of avian bornavirus in experimentally infected
cockatiels (Nymphicus hollandicus) and domestic canaries
(Serinus canaria forma domestica),” Veterinary Microbiology,
vol. 172, no. 1-2, pp. 146–156, 2014.
[13] R. D. Dahlhausen and S. E. Orosz, “Avian bornaviral ganglio-
neuritis in clinical practice,” in Proceedings of the Annual As-
sociation of Avian Veterinarians, Exotics Conference. )e
Veterinary Clinics of North America. Exotic Animal Practice ,
vol. 21, pp. 33–67, September 2018, https://www.semanticscholar.
org/paper/Avian-Bornaviral-Ganglioneuritis-in-Clinical-
Dahlhausen-Orosz/11477242da5edb19986b701b1fa4c7afdb66522a.
[14] A. Kupke, S. Becker, K. Wewetzer, B. Ahlemeyer,
M. Eickmann, and C. Herden, “Intranasal borna disease virus
(BoDV-1) infection: insights into initial steps and potential
contagiosity,” International Journal of Molecular Sciences,
vol. 20, no. 6, p. 1318, 2019.
[15] D. Rubbenstroth, V. Schmidt, M. Rinder et al., “Phylogenetic
analysis supports horizontal transmission as a driving force of
the spread of avian bornaviruses,” Plos One, vol. 11, Article ID
e0160936, 2016.
[16] J. L. de Araujo, R. R. Rech, J. J. Heatley et al., “From nerves to
brain to gastrointestinal tract: a time-based study of parrot
bornaviruses 2 (PPaBV-2) pathogenesis in cockatiels (Nym-
phicus hollandicus),” PLoS One, vol. 12, Article ID e0187797,
2017.
[17] A. K. Piepenbring, D. Enderlein, S. Herzog et al., “Parrot
Bornavirus (PaBV)-2 isolate causes diﬀerent disease patterns
in cockatiels than PaBV-4,” Avian Pathology, vol. 45, no. 2,
pp. 156–168, 2016.
[18] J. Heckmann, D. Enderlein, A. K. Piepenbring et al., “In-
vestigation of diﬀerent infection routes of parrot bornavirus
in cockatiels,” Avian Diseases, vol. 61, no. 1, pp. 90–95, 2017.
[19] T. Nochi, C. A. Jansen, M. Toyomizu, and W. van Eden, “+e
well-developed mucosal immune systems of birds and
mammals allow for similar approaches of mucosal vaccina-
tion in both types of animals,” Frontiers in Nutrition, vol. 5,
p. 60, 2018.
[20] H. Ludwig and L. Bode, “Borna disease virus: new aspects on
infection, disease, diagnosis and epidemiology,” Revue Sci-
entiﬁque et Technique de l’OIE, vol. 19, no. 1, pp. 259–288,
2000.
[21] W. S. Lai, D. J. Stumpo, E. A. Kennington et al., “Life without
TTP: apparent absence of an important anti-inﬂammatory
protein in birds,” American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, vol. 305, no. 7,
pp. R689–R700, 2013.
[22] B. Hoﬀmann, D. Tappe, D. Ho¨per et al., “A variegated squirrel
bornavirus associated with fatal human encephalitis,” New
England Journal of Medicine, vol. 373, no. 2, pp. 154–162,
2015.
[23] E. Monaco, S. Hoppes, J. Guo, and I. Tizard, “+e detection of
avian bornavirus within psittacine eggs,” Journal of Avian
Medicine and Surgery, vol. 26, no. 3, pp. 144–148, 2012.
[24] M. He, T.-Z. An, and C.-B. Teng, “Evolution of mammalian
and avian bornaviruses,” Molecular Phylogenetics and Evo-
lution, vol. 79, pp. 385–391, 2014.
[25] G. K. Amarasinghe, M. A Ayllo´n, Y Ba`o et al., “Taxonomy of
the order Mononegavirales: update 2019,” Archives of Vi-
rology, vol. 164, no. 7, pp. 1967–1980, 2019.
[26] J. H. Kuhn, R. Du¨rrwald, Y. Ba`o et al., “Taxonomic reorga-
nization of the family Bornaviridae,” Archives of Virology,
vol. 160, no. 2, pp. 621–632, 2015.
[27] N. Encinas-Nagel, D. Enderlein, A. Piepenbring et al., “Avian
bornavirus in free-ranging psittacine birds, Brazil,” Emerging
Infectious Diseases, vol. 20, no. 12, pp. 2103–2106, 2014.
[28] R. K. Yu, Y.-T. Tsai, T. Ariga, andM. Yanagisawa, “Structures,
biosynthesis, and functions of gangliosides-an overview,”
Journal of Oleo Science, vol. 60, no. 10, pp. 537–544, 2011.
[29] T. Zhang, A. A. de Waard, M. Wuhrer, and R. M. Spaapen,
“+e role of glycosphingolipids in immune cell functions,”
Frontiers in Immunology, vol. 10, p. 90, 2019.
[30] J. L. de Araujo, I. Tizard, J. Guo, J. J. Heatley, A. R. Hoﬀmann,
and R. R. Rech, “Are anti-ganglioside antibodies associated
with proventricular dilatation disease in birds?” PeerJ, vol. 5,
p. e3144, 2017.
[31] S. Hoppes, P. L. Gray, S. Payne, H. L. Shivaprasad, and
I. Tizard, “+e isolation, pathogenesis, diagnosis, transmis-
sion, and control of avian bornavirus and proventricular
dilatation disease,” Veterinary Clinics of North America: Ex-
otic Animal Practice, vol. 13, no. 3, pp. 495–508, 2010.
[32] C. R. Gregory, K. S. Latimer, R. P. Campagnoli, and
B. W. Ritchie, “Histologic evaluation of the crop for diagnosis
of proventricular dilatation syndrome in psittacine birds,”
8 Veterinary Medicine International
Journal of Veterinary Diagnostic Investigation, vol. 8, no. 1,
pp. 76–80, 1996.
[33] M. Lierz, H. M. Hafez, K. S. Honkavuori et al., “Anatomical
distribution of avian bornaviruses in parrots, its occurrence in
clinically healthy birds and ABV-antibody detection,” Avian
Pathology, vol. 38, no. 6, pp. 491–496, 2014.
[34] Texas A&M Veterinary Medical Diagnostic Laboratory, July
2019, https://web.archive.org/web/20190716025022/https://
tvmdl.tamu.edu/tests/avian-bornaviruses-pcr-referral/.
[35] Veterinary Molecular Diagnostics, Inc., July 2019, http://
www.vmdlabs.com/guidelines.html.
[36] A. H. de Kloet, A. Kerski, and S. R. de Kloet, “Diagnosis of
Avian bornavirus infection in psittaciformes by serum anti-
body detection and reverse transcription polymerase chain
reaction assay using feather calami,” Journal of Veterinary
Diagnostic Investigation, vol. 23, no. 3, pp. 421–429, 2011.
[37] J. Guo, S. Payne, S. Zhang, D. Turner, I. Tizard, and
P. Suchodolski, “Avian bornaviruses: diagnosis, isolation, and
genotyping,” Current Protocols in Microbiology, vol. 34,
pp. 1–15I, 2014.
[38] Animal Genetics UK, “Avian borna virus (PDD),” 2019,
https://web.archive.org/save/https://www.animalgenetics.eu/
Avian/avian-disease-testing/avian-borna-virus.html.
[39] J. Miesle, “Understanding Avian bornaviral ganglioneuritis
and Avian ganglioneuritis,” 2019, https://www.academia.edu/
36526645/Understanding_Avian_Ganglioneuritis.
[40] Virus Taxonomy, “Ninth report of the international com-
mittee on taxonomy of viruses,” Family–Bornaviridae,
pp. 658–664, 2012.
[41] J. B. Kranz, “A Study on the chemical and physical inacti-
vation of avian bornaviruses,” B.S. thesis, Texas A&M Uni-
versity, College Station, TX, USA, 2014.
[42] Ninth report of the international committee on taxonomy of
viruses,” Virus Taxonomy, pp. 658–664, 2012.
[43] LafeberVet, “+e resources for exotic animal veterinary
professionals,” 2019, https://web.archive.org/save/https://
lafeber.com/vet/lafeber-products/emeraid-omnivore-2k/.
[44] S. L. Clubb and M. Meyer, “Clinical management of psittacine
birds aﬀected with proventricular disease,” in Proceedings of
the Annual Association of Avian Veterinarians Conference and
Expo, pp. 85–90, San Antonio, TX, USA, August 2006.
[45] Drugs.comKnowmore Be sure, “Celebrex,” 2019, https://web.
archive.org/save/https://www.drugs.com/monograph/celebrex.
html.
[46] Drugs.com Know more. Be sure, “Meloxicam,” 2019, https://
web.archive.org/save/https://www.drugs.com/monograph/
meloxicam.html.
[47] P. Escandon, “Nonsteroidal anti-inﬂammatory drug treatment
of cockatiels (Nymphicus Hollandicus) experimentally inocu-
lated with parrot bornaviruses 2,” M.S. thesis, xas A&M
University, College Station, TX, USA 2019, https://oaktrust.
library.tamu.edu/bitstream/handle/1969.1/156136/ESCANDON-
THESIS-2015.pdf?sequence�1.
[48] K. Brune and P. Patrignani, “New insights into the use of
currently available non-steroidal anti-inﬂammatory drugs,”
Journal of Pain Research, vol. 8, pp. 105–118, 2015.
[49] B. Dahlhausen, S. Aldred, and E. Colaizzi, “Resolution of clinical
proventricular dilatation disease by cycloogenase inhibition,”
AFA Watchbird, Journal of the American Federation of Avi-
culture 2001, vol. 28, 2019, https://www.researchgate.net/
publication/285257397_Resolution_of_clinical_proventricular_
dilatation_disease_by_cyclooxygenase_2_inhibition_http://
www.afabirds.org/watchbird.shtmlhttps://web.archive.org/
web/20190716025741/http://www.afabirds.org/watchbird.shtml.
[50] A. Y. Gancz, S. Clubb, and H. L. Shivaprasad, “Advanced di-
agnostic approaches and current management of proventricular
dilatation disease,” Veterinary Clinics of North America: Exotic
Animal Practice, vol. 13, no. 3, pp. 471–494, 2010.
[51] S. Hoppes, J. J. Heatley, J. Guo, D. Turner, H. L. Shivaprasad,
and I. Tizard, “Meloxicam treatment in cockatiels (Nymphicus
hollandicus) infected with avian bornavirus Nymphicus hol-
landicus) infected with avian bornaviruses,” Journal of Exotic
Pet Medicine, vol. 22, no. 3, pp. 275–279, 2013.
[52] St. Francis Animal & bird Hospital and Pet library, “Pro-
ventricular Dilatation Disease,” 2019, https://web.archive.org/
web/20190716025823/https://www.stfrancisanimalandbird.
com/index.php/pet-resources/library/9-avian-care/77-prove
ntricular-dilatation-disease.
[53] LafeberVet, “+e resources for exotic animal veterinary pro-
fessionals,” 2019, https://lafeber.com/vet/avian-bornaviruses-
primer/https://web.archive.org/save/https://lafeber.com/vet/
avian-bornaviruses-primer/.
[54] S. S. Hameed, J. Guo, I. Tizard, H. L. Shivaprasad, and
S. Payne, “Studies on immunity and immunopathogenesis of
parrot bornaviral disease in cockatiels,” Virology, vol. 515,
pp. 81–91, 2018.
[55] A. Reuter, A. Ackermann, S. Kothlow, M. Rinder, B. Kaspers,
and P. Staeheli, “Avian bornaviruses escape recognition by the
innate immune system,”Viruses, vol. 2, no. 4, pp. 927–938, 2010.
[56] T. Tokunaga, Y. Yamamoto, M. Sakai, K. Tomonaga, and
T. Honda, “Antiviral activity of favipiravir (T-705) against
mammalian and avian bornaviruses,” Antiviral Research,
vol. 143, pp. 237–245, 2017.
[57] S. Runge, M. Olbert, C. Herden et al., “Viral vector vaccines
protect cockatiels from inﬂammatory lesions after heterolo-
gous parrot bornavirus 2 challenge infection,” Vaccine,
vol. 35, no. 4, pp. 557–563, 2017.
[58] J. Paoli, “Viruses 101: what’s multiplying in you? Scitable
by nature education,” 2019, https://web.archive.org/
web/20190716030041/https://www.nature.com/scitable/blog/
viruses101/hiv_resistant_mutation.
[59] L. Lopalco, “CCR5: from natural resistance to a new anti-HIV
strategy,” Viruses, vol. 2, no. 2, pp. 574–600, 2010.
[60] L. Bode and H. Ludwig, “Borna disease virus infection, a
human mental-health risk,” Clinical Microbiology Reviews,
vol. 16, no. 3, pp. 534–545, 2003.
[61] M. Hornig, T. Briese, J. Licinio et al., “Absence of evidence for
bornavirus infection in schizophrenia, bipolar disorder and
major depressive disorder,” Molecular Psychiatry, vol. 17,
no. 5, pp. 486–493, 2012.
[62] E. Schmutzhard and B. Pfausler, “Tollwut und Bornavirus-
Enzephalitis,” Der Nervenarzt, vol. 89, no. 12, pp. 1332–1337,
2018.
[63] C. Gilbert, J. M. Meik, D. Dashevsky, D. C. Card, T. A. Castoe,
and S. Schaack, “Endogenous hepadnaviruses, bornaviruses
and circoviruses in snakes,” Proceedings of the Royal Society B:
Biological Sciences, vol. 281, no. 1791, p. 20141122, 2014.
[64] T. H. Hyndman, C. M. Shilton, M. D. Stenglein, and
J. F. X. Wellehan Jr., “Divergent bornaviruses from Australian
carpet pythons with neurological disease date the origin of
extant Bornaviridae prior to the end-Cretaceous extinction,”
PLoS Pathogens, vol. 14, no. 2, Article ID e1006881, 2018.
Veterinary Medicine International 9
Veterinary Medicine
Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
International Journal of
Microbiology
 Veterinary Medicine 
International
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
BioMed 
Research International
Ecology
International Journal of
Hindawi
www.hindawi.com Volume 2018
Psyche
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Biochemistry 
Research International
Hindawi
www.hindawi.com
Applied &
Environmental
Soil Science
Volume 2018
Biotechnology 
Research International
Hindawi
www.hindawi.com Volume 2018
Agronomy
Hindawi
www.hindawi.com Volume 2018
International Journal of
Hindawi
www.hindawi.com Volume 2018
Journal of 
Parasitology Research
Hindawi
www.hindawi.com
 International Journal of
Volume 2018
Zoology
Genomics
International Journal of
Hindawi
www.hindawi.com Volume 2018
Archaea
Hindawi
www.hindawi.com Volume 2018
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013www.hindawi.com
The Scientific 
World Journal
8
Hindawi
www.hindawi.com Volume 2018
Advances in
Virolog y
Scientica
Hindawi
www.hindawi.com Volume 2018
Cell Biology
International Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Case Reports in 
Veterinary Medicine
Submit your manuscripts at
www.hindawi.com
